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thus improving the accuracy of the anal- 
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PULSE DAMPER 
BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates generally to microfluidic devices for performing 
analytical testing and, in particular, to a fluidic driver system for use with microfluidic 
10 cartridges. 

2. Description of the Related Art 

Microfluidic devices have recently become popular for performing analytical 
15 testing. Using tools developed by the semiconductor industry to miniaturize 

electronics, it has become possible to fabricate intricate fluid systems which can be 
inexpensively mass produced. Systems have been developed to perform a vanety 
of analytical techniques for the acquisition of information for the medical field. 

20 A process called "field-flow fractionation" (FFF) has been developed to 

separate and analyze molecules and particles for analysis by the use of a force 
applied across a flow channel carrying a variety of particle sizes. Examples of this 
method are taught in U.S. Patent Nos. 3,449,938; 4.147.621; 4,214,981; 4.830.756; 
and 5.156,039. 

25 ., 

A related method for particle fractionation is the "Split Flow Thin Cell' 
(SPLITT) process. This process has been used to develop devices having 
mesoscale functional element capable of rapid, automated analyses of preselected 
molecular or cellular analytes in a range of biological and other applications 
30 Examples of this method are taught in U.S. Patent Nos. 5.296.375; 5,304,487; 
5,486,335; and 5,498.392. 

Still another method used for assaying fluids involves application of electrical 
fields to a microfluidic system for providing capillary electrophoresis to separate 
35 materials in a flow channel. Examples of this process are taught in U.S. Patent Nos. 
5.699,157; 5.779.868; and 5,800.690. 

U S Patent No. 5,716,852 teaches yet another method for analyzing the 
presence and concentration of small particles in a flow cell using diffusion pnnciples. 

40 This patent, the disclosure of which is incorporated herein by reference, discloses a 
channel cell system for detecting the presence of analyte particles in a sample 
stream using a laminar flow channel having at least two inlet means which provide 
an indicator stream and a sample stream, where the laminar flow channel has a 
depth sufficiently small to allow laminar flow of the streams and length sufficient to 

45 allow diffusion of particles of the analyte into the indicator stream to form a detection 
area, and having an outlet out of the channel to form a single mixed stream. This 
device, which is known as a T-Sensor, contains an external detecting means for 
detecting changes in the indicator stream. This detecting means may be provided by 
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any means known in the art, including optical means such as optical spectroscoov 
or absorption spectroscopy or fluorescence. spectroscopy, 

«,hi^ A SamP J S micr ° fluidic analysis instrument for performing analytical testina 
which uses a disposable fluidic analysis cartridge is disclosed in U S Pa em 
Apphcat.on Serial No. 09/080,691 , which was filed on May 18, 1998 the disclosure 
of which .s incorporated herein by reference. This instrument includes a ca^ndge 

flow rvtnm^ C ^ 0metnC measurin 9 Positioned for optical coup^ng wrth a 

flow cytometric measunng reg IO n on the cartridge, and a second measurina 

Tn^ US H P °f ?H 6d t0 , be COUP ' ed With 3 second region on the cartridge 

The cartndge holder mcludes alignment markings to mate with cartridge aSment 
markings. It also mcludes pump mechanisms to coupled with pump interfaced Ton the 
cartndges and valve mechanisms to couple with valve interfaces on the cartridge 

rartwwnl thiS J yP *t ° f S ?? tem ' Va,Ve and pumD mechanisms are external to the 

V h Z CanndQe inC ' UdeS the va,ve and P um P interfaces. Upon loading 
and nn™ 9 VT the a e? aratus - the ^ and pump mechanisms engage ?he va^e 
and pump interfaces. Thus, it is critical that the interfaces provide an efficient and 

2^^^^" Cartrid9e 3nd the extemal mechanismrS ton it 
an" iZt tZl ^Trl t eXtema ' d6ViCeS Pr ° vide for a smooth flow of th e fluidsTnto 
analysis system 6nSUre measureme nts within a microfluidic 

SUMMARY OF THE INVENTION 

25 

int (a rf„rLhl l i! eref0 *t an °y e ? ° f the Present invention to provide an efficient 
analysis system 6 " 96 PUmpS and va,ves of a microfluidic 

30 It is a further object of the present invention to provide pumpinq systems for 

S?h a rnZ C H r °t fl H U,d,C ^ Pr ° dUCe 3 con ^^ent.y smooth and even flu^ 

flow through the system for accurate analysis. 

3S in ,he SS^SSlSS' " *" PreSen ' inVen,i ° n W "' be readil * a ~ 

BRIEF DESCRIPTON OF THE DRAWINGS 

4Q FIG. 1 is an exploded view of a linear pump for use in the present invention; 

FIG. 2 is a side elevational view of the pump of FIG. 1; 
FIG. 3 is an end view of the pump of FIG. 1 ; 

,5 inventbnf * * '* 8 tOP elevational view of tne ^rentel pump system of the present 

FIG. 5 is an end view of the differential pump of FIG. 4; 
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FIG. 6 is a plan view of the fluidic capacitor assembly of the present invention; 

and 

FIG. 7 is a cross-sectional view of the face seal assembly of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referrinq more particularly to the drawings, there is shown in FIGS. 1-3 a 
linear pump assembly 'generally indicated at 10. which -n*^^™^ ° f 
he oresent invention. Pump 10 consists of a linear stepper motor umt 12. a 
mLntinrbracket 14. an optical switch 16, a precision bore glass syringe 18, a zero 
ZXl L,m6 20. and a valve 22. Also included is 
for attaching manifold 20 to bracket 14. a pa.r of screws 26 anc chnc* nuts 28 for 
mounting switch 16 within bracket 14. and a pair of screws 30 z d.nch nuts 32 for 
mountina motor unit 12 to bracket 14. As can be clearly seen in FIG. 2. motoric 
SaT?8 and manifold 20 are arranged in a linear configuration to ^minimize off- 

manifold 20 with short interconnections for the input and output of pump assembly 
10. 

in operation, linear stepper motor assembly 10 converts J*^™^ 

can range from 5 microliters to 4 milliliters. 

Stepper motor unit 12 is controlled using a mic ^^~ l ^£° t Tnu8 

consistent and smooth flow rate to insure accuracy. 

In oractice it is difficult to reliably achieve a smooth and constant fluid flow in 
microfluldi "sySems due to stiction in the sliding piston 

S of elasticity in the drive components of the ^J^^^^S 
for very small volume displacements, two pumps are connected to a common cro 

channel. 

; FIGS. 4 and 5 illustrate an alternative embodiment ol f the ' P~™*j^SSl 
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corresponding to motor units 54a and 54b, and a manifold 60 having a cross channel 
™.Si^of C0UP ' ed '° m0 ' Or Uni ' S 543 *"* <° "SL^ 



45 



nth^r ic roT P w- , an l 54b 3re driven diff erentially, with one advancing while the 
d S£pn~ in^ 9 - " th t ' S m T ner - the net out P ut fram cros * channel 62 S be the 
nHhlTnH V I Ve,OC ' t,eS ° f the pum P s - Thus - tne velocities and displacements 

Z P + UmpS arG '° Cated Within a ran 9 e abov e conditions wnere 

n ovS ?°? ar ! 3 maj ° r com P° n ent of the volume displacement^ 
prov.d.ng a constant and smooth fluid flow within the system to increase the 
accuracy of the analysis performed by the system. increase the 

Another device which is helpful in reducing fluctuation in the fluid flow of th* 

Thownf fl ' C 3na ^ iS SySt6m iS ShOWn in F,G - 6 - now to FIG 6 °here is 

fnn^ Jn to ,C filter assembl V. generally designated at 70. Assembty 70 ncludes an 
mput port 72, an output port 74, a restrictor section 75, an accumulator Section T?fi 
which terminates in an end cap 78, and a T-connector 80 which ^oup°L fnXort 
du.1L ?h,T °I 7 h" AS , Semb,y 70 3Cts as a fluidic filter ^ich reduces Lny flSid 
Sgging ^ ^ diSChar9e ^ stiction stepperCor 



20 cogging 



frn m nA^ 0 ^ 72 'r^ 0163 a section of tubin 9 82 which is preferably constructed 

cZl.d tn fT 31 d,ameter ( ' D) tubing in tne P resent embodiment Tubing 82* 

connLcto°86 S ^InnZT" 75 * T^f C ° nSiStS ° f 3 Section of smaller tubing 84 by a 
connector 86. Tubing 84 consists of a section of .005 inch ID tubina that is at le^t i 

Tel co^t and ; S H C f 0UP,ed 3t itS ° PP ° Site end to T-connector 80 Aclu™ ^^ator section 

SSS'SSS^^ 74 is coup,ed to *^~.2& of 

connector^Ow^h J"? h"^ ' npUt P ° rt 72 Via tubin 9 82 and P asse s through T- 

84 whir ^ « S thS accumu,ator action 76 which then connects to 
tubing 84 which acts as a flow restrictor, as it has a smaller ID This assembly 

SEEKS" 3C ? 33 3 t0 redUCe 3ny pU,Sin 9 dischar 9 e to an accl P teb b e y 
S Cont,nuous flow 'evel. The fluid flow then exits port 74 via tubing 90 
which is the same size as the input line. By using assembly 70 the operation of the 
m.croflu,d.c device can be significantly improved 9 During opera ion TofKf 

S?SSE-M 3 iS dhVen T inpUt P ° rt 72 ' paSSin 9 trough tubing 82 
acraS resS P3SSeS thr ° Ugh reStriCtor 75 ' developing a pressure drop 

accumuS 7? n Pi PreS l Ure W '" be equilibrated by a rise in fluid in P 
to eou^t^Z ^ L raPPed VO ' Ume ° f air is ^P^ssed to the extent required 
t^ OTnstentriS~ H Ure t P 3 .?° SS reStriCt ° r 75 - This configuration will exhibit a 
SiS of t^ *% U T l he tr f PP6d V °' Ume in accumulator 76 and the 
SSS^^SSS? h k L °° k,ng 0rW3rd into the in P ut P° rt 70. any pulsation in 
such D^urP n 3 ^ d . H V 3 k° UmUlat ° r 76 - L °° king ba ckwards into exit port 74, 
syltem 70 P W d,Schar9e slow, y according to the time constant of filter 
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Another device for improving the operation of a microfluidic analysis system is 
shown in FIG 7. A face seal assembly, generally designated at 100, consists of a 
thin flexible elastomeric gasket 102 which is located within a fluidic analysis cartridge 
104 as taught in Serial No. 09/808,191 . Gasket 102 is located between a top plate 

5 106 and a bottom plate 108 of cartridge 104, and is held in position by a laminate 
section 110 A ring-shaped surface 1 12 of gasket 102 is positioned between the 
lower surface 102a of gasket 102 and the upper surface 1 10a of laminate section 
1 10 opposite a port 1 14 within cartridge 104. When cartridge 104 is properly 
positioned within the analysis device, a locating surface 1 16 of the device mates 

10 within an aperture 1 1 8 of cartridge 1 04 to ensure proper orientation. In this position, 
an extension 120 from a manifold 122 of the device is forced against gasket 102, 
causing a face seal between the two parts, and thus allowing fluid discharge from 
extension 120 to enter cartridge 104 in a smooth and efficient manner. Gasket 102 
is constructed such that is provides a force against the bottom surface of extension 

15 120 guaranteeing an adequate sealing force between the surfaces. Multiple face 
seals are employed within cartridge 104 to provide for multiple reagent and/or 
sample inputs. In addition, extension 120, which in the present embodiment is a 
tubular structure having an internal passageway 124, interacts with flexible gasket 
102 to provide a spring loading effect which acts to hold the bottom surface of 

20 extension 120 tightly against gasket 102. 

While the present invention has been shown and described in terms of the 
preferred embodiments thereof, it will be understood that this invention is not limited 
to this particular embodiment and that many changes of modifications may be made 
25 without departing from the true spirit and scope of the invention as defined in the 
appended claims. 
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What is claimed is: 

mi nrofh 1 MH' k A md ! C f ' lter assemb| y for reducing fluctuations in fluid flow within 
microfluidic channels, comprising: 

inlet means; 

outlet means; 

10 an accumulator section; 

ma«S££ZS£ COUP " n9 ' nlet meanS ' SaW 0Utlet means ' a " d «* 



15 



20 



30 



whereby fluctuation in fluid flowing into said inlet means are reduced bv said 
accumulator section before said fluid exits said outlet means. V 

2 The assembly of claim 1 , wherein said inlet and outlet means comorisp 
tubing having an internal diameter of 0.040 inches. compnse 

connector. ^ 3SSembly of c,aim 1 • wnerein said cou P'ing means comprises a T- 



4 ' Th , e assemblv of c,a 'm 1 . further comprising a restrictor, located 
" Sh^ Said — • ^ « i-erna, diametor less 



diameter of O.Ool fnchTs"'" °' ^ 8aW reStriCt0r h3S an intemal 



, . nn 6 - . + The assembly of claim 1 , wherein said accumulator includes tubinq 
having an internal diameter of 0.06 inches. 9 

35 8 inches in length aSSemb ' y ° f daim 6 ' Wnerein said tut *"9 measures approximately 



end can 'at hJI^h^^ ° f ^ V Wnerein said acc umulator section includes 
end cap at its end opposite said coupling means. 



an 
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BACKGROUND OF THE INVENTION 

5 

1 . Field of the Invention 

The present invention relates generally to microfluidic devices for performing 
analytica. testing and, in particular, to a fluidic driver system for use with microfluidic 
10 cartridges. 

2. Description of the Related Art 



Microfluidic devices have recently become popular for performing analytical 
testing. Using tools developed by the semiconductor industry to miniaturize 
electronics, it has become possibie to fabricate intricate fluid systems which can be 
inexpensively mass produced. Systems have been developed to perform a variety 
of analytical techniques for the acquisition of information for the medical field. 
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20 A process called "field-flow fractionation" (FFF) has been developed to 

separate and analyze molecules and particles for analysis by the use of a force 
applied across a flow channel carrying a variety of particle sizes. Examples of this 
method are taught in U.S. Patent Nos. 3.449.938; 4.147.621; 4.214.981; 4.830,756; 
and 5,156.039. 
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A related method for particle fractionation is the "Split Flow Thin Cell" 
(SPLITT) process. This process has been used to develop devices having 
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mesoscale functional element capable of rapid, automated analyses of preselected 
molecular or cellular analytes in a range of biological and other applications. 
Examples of this method are taught in U.S. Patent Nos. 5,296,375; 5,304,487; 
5,486,335; and 5,498,392. 

Still another method used for assaying fluids involves application of electrical 
fields to a microfluidic system for providing capillary electrophoresis to separate 
materials in a flow channel. Examples of this process are taught in U.S. Patent Nos. 
5,699,157; 5,779,868; and 5.800,690. 

U.S. Patent No. 5,716,852 teaches yet another method for analyzing the 
presence and concentration of small particles in a flow cell using diffusion principles. 
This patent, the disclosure of which is incorporated herein by reference, discloses a 
channel cell system for detecting the presence of analyte particles in a sample 
stream using a laminar flow channel having at least two inlet means which provide 
an indicator stream and a sample stream, where the laminar flow channel has a 
depth sufficiently small to allow laminar flow of the streams and length sufficient to 
allow diffusion of particles of the analyte into the indicator stream to form a detection 
area, and having an outlet out of the channel to form a single mixed stream. This 
device, which is known as a T-Sensor. contains an external detecting means for 
detecting changes in the indicator stream. This detecting means may be provided by 
any means known in the art, including optical means such as optical spectroscopy, 
or absorption spectroscopy or fluorescence. 
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A sample microfluidic analysis instrument for performing analytical testing 
which uses a disposable fluidic analysis cartridge is disclosed in U.S. Patent 
Application Serial No. 09/080.691, which was filed on May 18, 1998. the disclosure 
of which is incorporated herein by reference. This instrument includes a cartridge 

5 holder, a flow cytometric measuring apparatus positioned for optical coupling with a 
flow cytometric measuring region on the cartridge, and a second measuring 
apparatus positioned to be coupled with a second analysis region on the cartridge. 
The cartridge holder includes alignment markings to mate with cartridge alignment 
markings. It also includes pump mechanisms to coupled with pump interfaces on the 

10 cartridges and valve mechanisms to couple with valve interfaces on the cartridge. 

In this type of system, valve and pump mechanisms are external to the 
cartridge, while the cartridge includes the valve and pump interfaces. Upon loading 
the cartridge into the apparatus, the valve and pump mechanisms engage the valve 
15 and pump interfaces. Thus, it is critical that the interfaces provide an efficient and 
precise coupling between the cartridge and the external mechanisms. In addition, it 
is imperative that these external devices provide for a smooth flow of the fluids into 
and out of the cartridge to ensure accurate measurements within a microfluidic 
analysis system. 
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SUMMARY OF THE INVENTION 



It is therefore an object of the present invention to provide an efficient 
interface between the cartridge and the external pumps and valves of a microfluidic 
25 analysis system. 
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It is a further object of the present invention to provide pumping systems for 
using a microfluidic assembly which produce a consistently smooth and even fluid 
flow through the system for accurate analysis. 

These and other objects of the present invention will be more readily apparent 
in the description that follows. 

BRIEF DESCRIPTON OF THE DRAWINGS 

FIG. 1 is an exploded view of a linear pump for use in the present invention; 
FIG. 2 is a side elevational view of the pump of FIG. 1 ; 
FIG. 3 is an end view of the pump of FIG. 1 ; 

FIG. 4 is a top elevational view of the differential pump system of the present 
invention; 

FIG. 5 is an end view of the differential pump of FIG. 4; 

FIG. 6 is a plan view of the fluidic capacitor assembly of the present invention; 

and 
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FIG. 7 is a cross-secuonal view of the face seal assembly of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Referring more particularly to the drawings, there is shown in FIGS. 1-3 a 
linear pump assembly, generai.y »nd.cated at 10, which embodies the principles of 
the present invention. Pump 10 consists of a linear stepper motor unit 12, a 
mounting bracket 14. an opfcal sw,tch 16. a precision bore glass syringe 18, a zero 
10 dead volume manifold 20. and a va.ve 22. Also included is a plurality of screws 24 
for attaching manifold 20 to bracket 14. a pair of screws 26 and clinch nuts 28 for 
mounting switch 16 wthm txac*et 14. and a pair of screws 30 and clinch nuts 32 for 
mounting motor unit 12 to txaoet 14. As can be clearly seen in FIG. 2, motor 12, 
syringe 18, and mamfold 20 are arranged in a linear configuration to minimize off- 
15 axis torque. Man.fold 20 conu*ns a cross channel 34 which connects to valve 22 
and to fittings for connects to eUcmal fluid components (not shown). To reduce 
the hold up volume to near m ocad volume, the piston of syringe 18 intrudes into 
cross channel 34 at the erx: d> .» dekvery stroke. Valve 22 is embedded within 
manifold 20 with short ,ntcr cordons for the input and output of pump assembly 



20 10. 



In operation, hnear stepper motor assembly 10 converts rotational movement 
to linear displacement v,a mc<or un.t 12 coupled to syringe 1 8. Motor unit 1 2 offers 
movement per step of .001 ran and 00025 inch with a total stroke length of .520 
25 inches. The bores of synnge 1 8 can range from .028 to .583 inches in diameter. By 
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combining these components in different arrangements, a total volume displacement 
can range from 5 microliters to 4 milliliters. 



Stepper motor unit 12 is controlled using a microstepper controller (not 
i shown) which further portions each full step to as much as 256 microsteps. Thus, 
accurate and smooth position resolution can be achieved at the microstep level, and 
flow rates can be as low as 1/256 of the full step rate. Flow rates using pump 
assembly 12 range from .0025 microliter/step to 4.314 microliter/step with a 
consistent and smooth flow rate to insure accuracy. 



in 



In practice, it is difficult to reliably achieve a smooth and constant fluid flow 
microfluidic systems, due to stiction in the sliding piston of the syringe, and also as a 
result of elasticity in the drive components of the system. To avoid these obstacles 
for very small volume displacements, two pumps are connected to a common cross 
channel. 

FIGS. 4 and 5 illustrate an alternative embodiment of the present invention 
which employs a differential pump system. Referring now to FIG. 4, a differential 
pump system, generally designated at 50. includes a mounting bracket 52. a pair of 
linear stepper motor units 54a and 54b. a pair of glass syringes 56a and 56b 
corresponding to motor units 54a and 54b, a pair of optical switches 58a and 58b 
corresponding to motor units 54a and 54b, and a manifold 60 having a cross channel 
62. Syringes 56a and 56b are coupled to motor units 54a and 54b to translate rotary 
motion into linear motion. 
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Pumps 54a and 54b are driven differentially, with one advancing while the 
other is receding. In this manner, the net output from cross channel 62 will be the 
difference in the velocities of the two pumps. Thus, the velocities and displacements 
of the individual pumps are located within a range above the conditions where 
5 elasticity and stiction are a major component of the volume displacement, whereby 
providing a constant and smooth fluid flow within the system to increase the 
accuracy of the analysis performed by the system. 

Another device which is helpful in reducing fluctuation in the fluid flow of the 
10 microfluidic analysis system is shown in FIG. 6. Referring now to FIG. 6. there is 
shown a fluidic filter assembly, generally designated at 70. Assembly 70 includes an 
input port 72. an output port 74. a restrictor section 75. an accumulator section 76 
which terminates in an end cap 78. and a T-connector 80 which couples input port 
72 to accumulator 76. Assembly 70 acts as a fluidic filter which reduces any fluid 
15 pulses that are introduced into the fluid discharge by stiction and/or stepper motor 
cogging. 

Input port 72 includes a section of tubing 82 which is preferably constructed 
from .04 inch internal diameter (ID) tubing in the present embodiment. Tubing 82 is 
20 coupled to restrictor section 75. which consists of a section of smaller tubing 84. by a 
connector 86. Tubing 84 consists of a section of .005 inch ID tubing that is at least 1 
inch long, and is coupled at its opposite end to T-connector 80. Accumulator section 
76 is constructed from a section of tubing 88 which has an ID of .06 inches in the 
present embodiment, and is 8 inches long. Tubing 88 couples T-connector 80 to 
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accumulator section 76. Output port 74 is coupled to T-connector 80 by a section of 
tubing 90 having an ID of .04 inches. 



In operation, fluid enters .nput port 72 via tubing 82 and passes through T- 
5 connector 80 which includes the accumulator section 76 which then connects to 
tubing 84. which acts as a flow restrictor. as it has a smaller ID. This assembly 
configuration acts as a filter to reduce any pulsing discharge to an acceptable 
smooth and continuous flow level The fluid flow then exits port 74 via tubing 90 
which is the same size as the .npul l.ne. By using assembly 70. the operation of the 
10 microfluidic device can be s.gnrf,cantly improved. During operation of this 

configuration, as a flu.d ,s dnven ,nto the input port 72. passing through tubing 82 
and coupling 86. it further passes through restrictor 75. developing a pressure drop 
across restrictor 75. This pressure will be equilibrated by a rise in fluid in 
accumulator 76 unt.l the tapped volume of air is compressed to the extent required 
15 to equalize the pressure drop across restrictor 75. This configuration will exhibit a 
time constant dependent upon tr* trapped volume in accumulator 76 and the 
restrictive of restnctor 75 Loc*^ forward into the input port 70. any pulsation in 
the flow will be absorbed by accumulator 76. Looking backwards into exit port 74. 
such pressure pulses w,i dscfiarge slowly according to the time constant of filter 
20 system 70. 



is 

a 
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Another device for .mproving the operation of a microfluidic analysis system 
shown in FIG. 7. A face seal assembly, generally designated at 100. consists of 
thin flexible elastomenc gasKet 102 which is located within a fluidic analysis cartridge 
104 as taught in Serial No 09/808.191. Gasket 102 is located between a top plate 
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1 06 and a bottom plate 108 of cartridge 1 04, and is held in position by a laminate 
section 1 10. A ring-shaped surface 1 12 of gasket 102 is positioned between the 
lower surface 102a of gasket 102 and the upper surface 1 10a of laminate section 
110 opposite a port 1 14 within cartridge 104. When cartridge 104 is properly 

5 positioned within the analysis device, a locating surface 1 1 6 of the device mates 
within an aperture 1 18 of cartridge 104 to ensure proper orientation. In this position, 
an extension 120 from a manifold 122 of the device is forced against gasket 102, 
causing a face seal between the two parts, and thus allowing fluid discharge from 
extension 120 to enter cartridge 104 in a smooth and efficient manner. Gasket 102 

io is constructed such that is provides a force against the bottom surface of extension 
120. guaranteeing an adequate sealing force between the surfaces. Multiple face 
seals are employed within cartridge 104 to provide for multiple reagent and/or 
sample inputs. In addition, extension 120, which in the present embodiment is a 
tubular structure having an internal passageway 124, interacts with flexible gasket 

15 102 to provide a spring loading effect which acts to hold the bottom surface of 
extension 120 tightly against gasket 102. 

While the present invention has been shown and described in terms of the 
preferred embodiments thereof, it will be understood that this invention is not limited 
20 to this particular embodiment and that many changes of modifications may be made 
without departing from the true spirit and scope of the invention as defined in the 
appended claims. 
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1 . A fluidic filter assembly for reducing fluctuations in fluid flow within 
microfluidic channels, comprising: 

inlet means; 

outlet means; 

an accumulator section; 

and means for coupling said inlet means, said outlet means, and said 
accumulator section, 

whereby fluctuation in fluid flowing into said inlet means are reduced by said 
accumulator section before said fluid exits said outlet means. 

2. The assembly of claim 1 , wherein said inlet and outlet means comprise 
tubing having an internal diameter of 0.040 inches. 

3. The assembly of claim 1 , wherein said coupling means comprises a T- 
connector. 
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4. The assembly of claim 1 , further comprising a restrictor, located 
between said inlet means and said coupling means, having an internal diameter less 
than that of said inlet means. 

5 5. The assembly of claim 4, wherein said restrictor has an internal 

diameter of 0.005 inches. 

6. The assembly of claim 1 , wherein said accumulator includes tubing 
having an internal diameter of 0.06 inches. 

10 

7. The assembly of claim 6, wherein said tubing measures approximately 
8 inches in length. 

8. The assembly of claim 1 , wherein said accumulator section includes an 
15 end cap at its end opposite said coupling means. 
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